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Introduction

Rivers play a vital role in rural
communities, particularly for the
fishing industry, for agricultural
purposes and as a source of water for
local people.”” River contamination
affects humans directly and indirectly.
However, increasing anthropogenic
activities and natural processes decrease
the quality of water and pose a threat
to all forms of life. Poultry farms
provide one of the leading sources of
high-grade, protein-rich foods (eggs
and meat) globally, however, domestic,
industrial and agricultural poultry
wastes are regularly discarded into
water bodies.’

According to Okonkwo et al., about 10
percent of the Nigerian population is
engaged in poultry production, mostly
at subsistence levels or on small and
medium-sized farms.” The increased
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Background. Water supplies can be contaminated by anthropogenic activities. The poultry
industry uses a variety of heavy metals as additives in chicken feed, but excretion, runoff and
dumping of heavy metals can threaten water bodies and have adverse effects on human health.
Objectives. The aim of the present study was to determine the environmental impact of heavy
metals from poultry waste discharged into the Olosuru stream, located in Ikire, southwest
Nigeria.
Methods. In order to study changes in heavy metal loads, samples were collected six times
during the wet season (September, October 2014 and April 2015) and dry season (November
2014, January and February 2015). The inhabitants of Olosuru village use water for domestic
and agriculture purposes from the Olosuru stream which is located only a few meters from a
poultry farm discharge point. Three stations were sampled, upstream to downstream, with 500
meter distance between each point.
Results. Selected heavy metals concentrations in the Olosuru stream were all above the World
Health Organization (WHO) standard for drinking water. The highest mean concentrations
of heavy metals were recorded at the downstream station, while arsenic, iron and lead showed
significant spatial and seasonal differences. Seasonally, the highest iron concentrations were
recorded in the dry season (0.104+0.401 mg/L), while the mean concentrations of other heavy
metals recorded during the sampling period were higher during the wet season.

Conclusions. Concentrations of heavy metals in the present study were above acceptable
limits. Poultry waste discharged into the Olosuru stream, can have negative impacts on the
stream and health implications for local residents.
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use of trace elements as nutritional proper egg shell deposition and

supplements in poultry diets to improve
feed efficiency, facilitate weight
increase and for disease prevention
results in high levels of trace elements
in poultry waste.”® Many metals are
added to poultry feed, including
copper (Cu), manganese (Mn), iron
(Fe), selenium (Se), zinc (Zn), and
arsenic (As). Iron and Cu are added
to prevent anemia, selenium is added
to prevent oxidative damage to cells,
and Zn and Mn are added to ensure

feather development. Antioxidants
are added to retard degradation of
vitamins in feed. Tranquilizers maybe
used to keep flocks quiet in the

house and before transport. A broad
spectrum of antibiotics maybe added
to poultry feed, both to combat pests
and to increase availability of certain
nutrients. Topical pesticides are used
to combat flies, lice, beetles and mice.”
Unfortunately, contaminants from
poultry farms can have adverse effects
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on air, soil and water quality if their
wastes are improperly managed and
disposed of into the environment.®
The improper disposal of wastes
generated by poultry operations has
been a long-standing concern due to
the contribution to nutrient pollution
in water resources.” Poultry wastes
can degrade water quality when they
are channeled directly into surface
water or enter water bodies via surface
runoff. The main environmental

and health risks associated with
animal wastes are the introduction

of pollutants such as nutrients
(including nitrogen and phosphorous),
organic matter, sediments, pathogens
(including bacteria and viruses) and
heavy metals.'” The danger lies in
accumulation of manure-borne metals,
since they are not biodegradable and
eventually become phytotoxic." Long-
term application of poultry waste on
soil has also been shown to result

in accumulation of trace elements,
increasing the potential bioavailability
and toxicity of metals in the
environment.””” Such accumulation
has the potential of restricting

soil function, contaminating the

food chain and water, and causing
toxicity to plants, animals, water and
humans.'"” Poultry waste is more
toxic than other animal wastes.”® Land
application of poultry manure may
result in the uptake of toxicants by
plants, animals and humans through
absorption, ingestion, bioaccumulation
or other processes. Following

the introduction of heavy metal
contaminants into a river, whether via
natural or anthropogenic sources, they
partition between aqueous (pore water
and overlying water) and solid phases
(sediment, suspended particulate
matter and biota).”*?° Although

some heavy metals are required as
micronutrients, they can be toxic
when present in higher amounts than
their requirements. Anthropogenic
metals may consistently persist within
water bodies or maybe taken up by
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Abbreviations

cv Coeflicient of variation

organisms such as plankton, benthos or
fish and finally transferred to humans.”
As heavy metals cannot be degraded,
they are deposited, assimilated or
incorporated in water, sediment and
aquatic animals, thus causing heavy
metal pollution in water bodies.”” Lead
is a toxic metal that is particularly
harmful to children.” Lead affects

the central and peripheral nervous
system, organs, bones and kidneys.*
Lead has no beneficial biological
function and is known to accumulate
in the body.”*” Lead exposure can
cause adverse health effects, especially
in young children and pregnant
women, since Pb is a neurotoxin that
permanently interrupts normal brain
development. It also accumulates

in the skeleton and its mobilization
from bones during pregnancy and
lactation causes exposure to fetuses and
breastfed infants.”**’ Lead on a cellular
and molecular level may increase
carcinogenic events involved in DNA
damage and suppress DNA repairs and
regulation of tumors.*

A number of studies have been carried
out on heavy metal concentrations

in animal feeds and manure. Hill et

al. carried out an experiment on the
impact of animal waste application

on runoff water quality in field
experimental plots and concluded that
a major concern of using animal waste
as a source of fertilizer is the potential
of degrading any nearby natural water
sources.” Zhang et al. studied the
heavy metal content of poultry waste
collected from several farms in north-
east China, with concentrations ranging
from 2.88-98.08 mg/kg, 0.02-6.42 mg/
kg and non-detectable-8.00 mg/kg for

Cu, As and cadmium (Cd) respectively.
Their results indicate that some animals
can build up heavy metals through
their feed.*” Islam et al. found that the
various sources of raw materials used
for poultry feed production are likely
associated with anthropogenic heavy
metal pollution. They also reported
mean concentrations of heavy metals in
some poultry feeds sold in Bangladesh
ranging from 0.1852-0.0232 ppm for
Cd, 20.6498-0.6019 ppm for lead (Pb),
0.7640-0.0069 ppm for As, 0.0579-
0.0116 ppm for mercury (Hg), 0.0347-
0.0069 ppm for Se, 5.7875-0.0926 ppm
for chromium (Cr), 302.2001-0.0695
ppm for Mn, 5.1625-0.0125 ppm for
nickel 37.5725-0.0463 ppm for Cu and
422.3023-0.0232 ppm for Zn.*

The present study of the Olosuru
stream is important, as residents

of Olosuru village obtain water for
domestic purposes from the stream
only a few meters upstream from

a poultry farm discharge point.
Additionally, agricultural products,
including vegetables and banana are
cultivated along the path of the stream
after the point of discharge. Thus,

the aim of the present study was to
assess the environmental stress and
potential harm in relation to heavy
metal concentrations that can result
from improper discharge of untreated
poultry wastes on the water quality
of Olosuru stream at Ikire, southwest
Nigeria.

Methods

This present study was carried out on a
stretch of the Olosuru stream (latitudes
07°20' N -07°22'N; Longitude 004°10'E
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Figure 1 — Map of the Olosuru Stream, Ikire, southwestern Nigeria

- 004°11'E), which is a tributary of

the Asejire River, southern Nigeria
(Figure I). The Olosuru stream drains
into Asejire River at Ikire, Osun
State. The headquarters of Irewole
Local Government area of Osun State
is located in the Ikire urban area.

The Local Government Area shares
boundaries with Ayedire to the north,
to the south with Isokan, to the east
with Ayedaade, and to the south

east by Ife-North Local Government
Areas of Osun state respectively.

It also bounds with Egbeda Local
Government Area of Oyo state to

the west. Ikire Urban area has a land
mass of approximately 270 km?.
According to the 2006 census by the
National Population Council, Ikire
had an estimated population of about
144,000.>* The climate of the area

is humid and tropical with a mean
annual temperature of about 27°C
and a mean annual rainfall of over
1,400 mm. A geology survey map
indicates that the basement complex
in this area are migmatised, gneisses
and granite. There are occurrences
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of schist and quartzite, occasionally
amphibolite, gabro, diorites; the
dominant in the studied area is
gneisses.”>*® The soils are primarily
well-drained, Apomuseries soils
known as cambicarenosols.”” The study
area falls within the rainforest belt of
Nigeria, with a wet season (April to
October) and a dry season (November
to March).

Sampling stations and collection

Three sampling stations were
established along the stream namely:
upstream (A), the discharge point (B)
and downstream (C). The upstream
station was located about 500 meters
away from the discharge point at
Olosuru community. Human activities
here include mechanical workshops,
car washes and occasional road side
oil spillage. The discharge point

was located where poultry waste is
directly discharged into the stream.
The downstream sampling point is
about 500 meters from the discharge
point. This station was established to

Research

determine the recovery ability of the
stream from the discharge point. The
downstream station has the highest
level of human activities/disturbance,
including bathing, swimming, local
fishing and washing of clothes and
household utensils.

Water samples were collected six times,
from the rainy season (September,
October 2014 and April 2015) through
the dry season (November 2014,
January and February 2015) to study
changes in heavy metal loads. Water
samples were collected in 2-litre
double-capped polyethylene bottles
prewashed with detergent diluted

with nitric acid and double distilled
deionized water. In the field, sampling
bottles and covers were rinsed three
times with sampling water prior to
sampling. Samples were acidified

with 1% nitric acid to prevent heavy
metals from adhering to the wall of the
sampling bottle and were subsequently
stored at 4°C for a minimal period

of time, before analysis, to minimize
changes in the physico-chemical
characteristics of the metals.

Heavy metal analysis

For each sampling station, a 50 ml
water sample was measured into a

250 ml conical flask and digested with
10 ml nitric acid. The samples were
heated on a hot plate to a reduced
volume of 5-7 ml. Digested samples
were filtered using Whatman No.4
filter paper and deionized water was
added to increase the volume to 100
ml. A blank was also prepared as a
control.*® The determination of heavy
metals in each sample was carried

out using an atomic absorption
spectrophotometer (PG-990 model)
calibrated with the standard for each
metal under investigation at individual
wavelengths of 248.3, 283.3, 228.8,
279.4 and 119.3 nm for Fe, Pb, Cd, Mn
and As, respectively.
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Results

Cadmium was significantly positively
correlated with As, Mn and Pb at
p<0.01 and with Fe at p<0.05. Arsenic,
Fe and Mn were significantly positively
correlated with Pb at p<0.05. Lead had
a positive significantly correlation with
Mn at p<0.01 (Table 1).

Principal component analysis of
heavy metals

Principal component analysis was
established to identify the distribution
of metals within the sampling areas.
The first two components for the

wet season accounted for 99.93% of
the cumulative variation. The first
component accounted for 96.99% of
the explained variance. Iron and Mn
recorded high positive loadings of
6.55 and 0.19, respectively. The second
component accounted for 2.94% of the
explained variance. Only Mn recorded
high positive loadings of 1.18.

Environmental Impact of Heavy Metals from Poultry Waste in Southwestern Nigeria

The first two components for the dry
season accounted for 99.92% of the
total variation. The first component
accounted for 97.56% of the explained
variance. Iron and Mn recorded high
loadings of 6.56 and 0.24, respectively.
The second component accounted

for 2.36% of the explained variance.
Manganese recorded high positive
loadings of 1.06.

The first component of the explained
variance for the upstream, discharge

and downstream accounted

for 98.55%, 98.0% and 95.72%,
respectively. Iron and Mn recorded
high positive loadings of 5.96 and
0.003 (upstream), 4.14 and 0.20
(discharged point) and 5.78 and 0.34
(downstream), respectively (Table 2).

Figure 2 presents a histogram
diagram of monthly variation patterns
for selected heavy metals during

the sampling period. Cadmium
concentrations during the study

Cd As Fe Mn Pb
Cd 0
As 0.47507b 0
Fe 0.397922 0.16234 0
Mn 0.47717% 0.19845 0.15184 0
Pb 0.51387°b 0.246832  0.305692  0.59847b 0

“Significant difference (p<0.05)
*Highly significant difference (p<0.01)

Table 1 — Correlation Coefficient of Heavy Metals Measured at the Olosuru Stream,

Ikire, Southwestern Nigeria

Principal Spatial variation Seasonal variation
component
Upstream Discharge point Downstream Dry season Wet season

UPCA1 UPCA2 DPPCA1  DPPCA2 DSPCA1 DSPCA2 DPCA1 DPCA2 WPCAL1 WPCA2
Eigenvalue 11.8292 0.161331 5.88062 0.115172 11.4859 0.502324 14.6343 0.353385 14.5484 0.441587
% variance 98.576 1.3444 98.01 1.9195 95.716 4.186 97.562 2.3559 96.989 2.9439
Cumulative 98.58 99.92 98.01 99.93 95.72 99.91 97.56 99.92 96.99 99.93
Cd -1.9751 -0.1155 -1.4046 -0.14066 -2.0179 -0.34998 -2.2123 -0.23169 -2.2458 -0.32582
As -2.0838 -0.22176 -1.5026 -0.17202 -2.1058 -0.35139 -2.292 -0.30842 -2.4045 -0.33687
Fe 5.9552 -0.17954 4.144 -0.17929 5.7759 -0.38403 6.5625 -0.30102 6.5532 -0.33073
Mn 0.003367 0.71504 0.20436 0.60525 0.33826 1.2592 0.23683 1.061 0.19177 1.1837
Pb -1.8996 -0.19824 -1.4412 -0.11328 -1.9904 -0.17382 -2.2951 -0.2199 -2.0946 -0.19027
Abbreviations: UPCA, upstream principal component analysis; DPPCA, discharge point principal component analysis, DSPCA, downstream principal component
analysis; DPCA, dry season principal component analysis; WPCA, wet season principal component analysis.

Table 2 — Principal Component Analysis for Spatial and Seasonal Variation of Heavy Metals Concentrations in the

Olosuru Stream, Ikire Southwestern Nigeria
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Figure 2 — Histogram diagram of monthly variation of heavy metals in the Olosuru stream, Ikire, southwestern Nigeria
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period peaked in February 2015 at the
downstream station and in April 2015
at the upstream station. The lowest
Cd concentration occurred at the
downstream station in November 2014
and the upstream station in October
2014. The highest As concentration
was observed in September 2014 and
April 2015 for both the upstream

and downstream stations. The lowest
As concentration was observed in
November 2014 for the downstream
station and in January 2014 for the
upstream station.

The highest peak for Fe occurred in
April 2015 and lowest was recorded

in October 2014 for the downstream
station, and for the upstream station
the highest was observed in January
2014 and the lowest in April 2015.

The highest Mn concentration was
recorded in September 2014, while the
lowest occurred in April 2015 for the
downstream location. The upstream
Mn concentration was highest in
February 2015, while the lowest
occurred in October 2014. The highest
Pb concentration was recorded in April
2015 for both the downstream and
upstream stations, while the lowest was
recorded in November 2014 for the
downstream station and October 2014
for the upstream station.

Figure 3 depicts a cluster diagram
illustrating the relationship between
heavy metals in the Olosuru stream.
At p<0.05 Mn, Pb and Cd form a
clustering with As and Fe, while at
p<0.01, Mn, Pb and Cd form another
cluster, and at p < 0.001 only Mn and
Pb form a cluster diagram.

Generally, all of the selected heavy
metals analyzed in the present study
increased in concentration toward the
downstream station, as shown in Table
3. The Cd concentration varied widely
from 0.006 to 0.032 mg/L (0.015+0.001
mg/L) and the highest mean value

was at the downstream station

Oyewale, Adesakin, Aduwo
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Figure 3 — Relationship between heavy metals in the Olosuru stream,

Ikire, southwestern Nigeria

(0.018+0.002 mg/L). Concentrations
of Pb ranged from 0.007 to 0.120

mg/L (0.021£0.001 mg/L), while

the highest mean concentration was
observed at the downstream station
(0.031+0.013 mg/L). The Mn level in
the water samples varied widely from
0.035 to 0.243 mg/L and had a mean
concentration of 0.064+0.012 mg/L,
with the highest mean value recorded at
the downstream station (0.0192+0.021
mg/L). Iron concentrations ranged
from 0.085-0.410 mg/L, with an overall
mean value of 0.210+0.010 mg/L, while
the highest mean value was observed at
the downstream location (0.260+0.021
mg/L) with significant differences

(p< 0.05) in spatial variation.
Concentrations of As recorded during

the sampling period ranged from 0.007
to 0.023 mg/L with a mean value of
0.016+0.002 mg/L, and the highest
mean concentration was observed at
the downstream location (0.045+ 0.031)
(Table 3).

The highest Cd concentration was
recorded during the wet season
(0.006-0.032 mg/L) and there was a
significantly higher concentration
recorded during the wet season
(0.016+0.003 mg/L) compared to

the dry season (0.015+0.001 mg/L)
(Table 4). The highest mean of Pb
concentration occurred during the wet
season (0.021+0.008 mg/L) compared
to dry season (0.017+0.002 mg/L).
The difference was highly significant

Journal of Health & Pollution Vol. 9, No. 22 — June 2019



Research

Parameter Spatial variation
Upstream Discharge point Downstream Anova Overall
Min-max. Mean+sem Min-max. Mean+sem Min-max. Mean+sem F P Min-max. Mean+sem|
Cd 0.006-0.026  0.015+0.002 0.006-0.026  0.016+0.003 0.011-0.032  0.018+0.002 0.025 0.975  0.006-0.032 0.015+0.001
As 0.008-0.016  0.012+0.001 0.007-0.019  0.014+0.002 0.011-0.023  0.045£0.031 4.608 0.012*  0.007-0.023 0.016+0.002|
Fe 0.104-0.274  0.203+0.013 0.085-0.296  0.212+0.029 0.122-0.410  0.260+0.021 3.116 0.024*  0.085-0.410 0.210£0.010,
Mn 0.036-0.101  0.065+0.006 0.035-0.113  0.069+0.014 0.038-0.243  0.192+0.021 1.249 0302 0.035-0.243 0.064+0.012]
Pb 0.008-0.025  0.015+0.001 0.007-0.024  0.01440.002 0.011-0.120  0.031£0.013  2.19 0.013*  0.007-0.120 0.021+0.001
Abbreviation: sem, standard error of mean.
* Significant different (p<0.05)

Table 3 — Spatial Variation of Heavy Metals in the Olosuru Stream, Ikire, Southwestern Nigeria

(p<0.01). The mean concentration
Parameter Dry season Wet season Anova of Mn was hi gh er durin g the wet
Min-max. Meantsem Min-max. Meantsem F P season (0.08510.0 13 mg/L) than
cd 0.006-0.019 0.015+0.001 0.006-0.032 0.016£0.003  0.001 0.967 the dry season (0.064+0.007 mg/L).
As 0.008-0.019 0.013+0.001 0.007-0.023 0.031£0.020  2.105 0.032 Iron had a mean concentration of
Fe 0.104-0.410 0.217+0.016 0.085-0.274 0220£0.012  0.026 0.869 .
+
Mn 0.035-0.113 0.064+0.007 0.038-0.243 0.085+0.013 1.838 0.186 0.220+0.012 dur%ng the wet season and
Pb 0.008-0.027 0.017+0.002 0.007-0.120 0.021£0.008  5.284 0.001° 0.217+0.016 during the dry season.
¥ Shymiioan sifrrsoce o008y The highest mean concentration of As
* Highly significant difference (p<0.01) was recorded during the wet season
g

(0.031+0.020 mg/L) and had a mean
concentration of 0.013+0.001 mg/L
during the dry season.

Table 4 — Temporal Variation of Heavy Metals in the Olosuru Stream, Ikire,

Southwestern Nigeria

The overall coefficient of variation (CV)

for Cd was low (36.39%). However,
Parameter Spatial variation Seasonal variation Overall higher CV of Cd ded at
Upstream Discharge Downstream Dry season Wet season a fugher o . was recorded a
point the upstream station (39.54%) and
CV(%)  CV (%) CV (%) CV (%) CV(%)  CV(%) during the wet season (46.52%). The
Cd 39.5358 34.49638 39.18681 30.4412 46.51677  36.396
6 overall CV recorded for Pb was also
As 39.8767 4636809  36.88639 27.8428 27.86472  38.63177 low (29.86%) compared with the
Mo e 44O Msims  ose  mIles 454w CV recorded at the discharge point
. ! . . ) . o
Pb 23.62908  59.80524  49.46856 30.5511 2575373 29.86993 (59.81%). The CV of Pb recorded
Abbreviation: CV, coefficient of variation. durlng the dr y season (30.55%) ‘was

higher than the wet season (25.75%).
The overall CV for Mn was high
(45.49%), while the highest CV was
recorded at the discharge station
(47.40%) and the CV recorded during
the wet season (42.56%) was higher
than the dry season (32.11%). The
overall CV recorded for Fe during the
study period was low (27.11%), while a
high CV was recorded at the discharge
station (34.73%) and the CV recorded
during the wet season (42.66%) was

Table 5 — Coefficient of Variation (%) of Heavy Metals Measured in the

Olosuru Stream, Ikire, Southwestern Nigeria

Journal of Health & Pollution Vol. 9, No. 22 — June 2019 Oyewale, Adesakin, Aduwo
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higher than the dry season (41.43%).
The overall CV recorded for As during
the study period was low (38.63%), and
the highest recorded CV occurred at
the discharge point (46.37%) (Table 5).

Discussion

The Cd concentrations recorded in

the water samples collected from

all the sampling stations across all
seasons were above the United States
Environmental Protection Agency
(USEPA) permissible limit of 0.005
mg/L for drinking water.*” The monthly
mean concentrations were higher at
the downstream station compared to
the upstream station. The highest mean
concentration of Cd was recorded at
the downstream station during the wet
season. The high Cd concentrations

in the present study could be due to
bioaccumulation and subsequent
discharges of poultry waste into the
stream at the discharge point. The
results obtained in the present study
are similar to a report by Alexieva et al.,
which found elevated concentrations of
Cd in poultry and pig feed and manure
in Bulgaria.”” Heavy metals were also
found to be retained in animal flesh
and in some of their waste, indicating
that significant concentrations of
heavy metals in animal feed and

waste can pose a threat to human
health through water, soil and plant
contamination.“’ These results align
with those of a study by Taiwo and
Arowolo which reported Cd mean
concentrations from not detected to
0.07 mg/L in stream water in Abeokuta,
Nigeria.”' The high Cd levels recorded
in the present study could because

by an excess of the element excrete in
chicken fecal waste and urine.*>** The
significant positive correlation of Cd
with other heavy metals indicates that
as concentrations of Cd increase, others
do as well. High concentrations of Cd
in water can lead to cancer and affect
hormones and enzymes, which can
lead to malformations, including renal

Oyewale, Adesakin, Aduwo

Environmental Impact of Heavy Metals from Poultry Waste in Southwestern Nigeria

damage.”***

The peak Pb concentration was
recorded in April 2014, and the

mean concentrations of Pb recorded

at all sampling stations were higher
than the World Health Organization
(WHO) permissible standards (0.01
mg/L) for drinking water.”” These high
concentrations could be a result of
excess Pb from food additives excreted
in waste. These results are similar to
those in a study by Richard et al., which
reported a correlation between the
concentrations of Pb in poultry feed
and waste."® However, this potential can
be altered at elevated concentrations,

as lead ions may diffuse into body
systems. High Pb concentrations pose
an inherent danger to nearby villages
along the path of the Olosuru stream.

The mean recorded values for Mn
across all stations were greater than

the 0.05 mg/L recommended limits

for drinking water.”” Mean Mn
concentrations were higher at the
downstream station compared to the
upstream station except for April 2015.
Manganese is used in the poultry
industry to prevent deficiencies and
disease, improve weight gain and

feed conversion and increase egg
production. These practices can

result in elevated concentrations in
manure byproducts.~***? Excess Mn
negatively affects brain development,
behavior, learning ability and memory.
The tolerable upper intake levels for
humans are 2 mg for those 1-3 years

of age, 3 mg between 4-8 years of age,

6 mg between 9-13 years of age, 9 mg
between 14-18 years of age and 11 mg
for those 19 years and older. Manganese
is required as a catalytic cofactor for
mitochondrial superoxided is mutase,
arginase, and pyruvate carboxylase. It is
also an activator of glycosyltransferases,
phosphoenol pyruvate carboxylase, and
glutamine synthetase. Symptoms of Mn
deficiency include impaired growth,
skeletal abnormalities and defects in

lipid and carbohydrate metabolism.
Iron-manganese interactions have been
demonstrated whereby Fe deficiency
increases Mn absorption, and high
amounts of dietary Fe inhibit Mn
absorption, possibly by competition
for similar binding and absorption
sites between nonheme Fe and Mn.”
The mean Fe concentrations recorded
during the sampling period were lower
than the recommended value by the
WHO (0.3 mg/L) for domestic use.”
Iron is the fourth most abundant
element by mass in the earth’s crust.
In water, it occurs mainly inferrous or
ferric states.” Iron in surface water is
generally present in the ferric state. It
is an essential and non-conservative
trace element found in significant
concentrations in drinking water
because of its abundance in the earth’s
crust. Usually, Fe in groundwater is

in the form of ferric hydroxide, in
concentrations less than 500 ug/L.>®
A shortage of Fe causes anemia and
prolonged consumption of drinking
water with high concentration of

Fe may lead to haermosiderosis.””**
There is no guideline set by the
National Environmental Standards
and Regulations Enforcement Agency
Federal Environmental Protection
Agency (NESREA) for Fe content in
drinking water, as it is not a health
concern at concentrations normally
observed in drinking water.”

The mean As concentration observed in
the present study was above the WHO
(0.01 mg/L) recommended standard
limits for drinking water. The highest
mean value of As was observed at

the downstream station, where there
was a high level of human activity.
The increase in As concentration in
the present study could be due to

the addition of As in poultry feed

as an additive to control coccidiosis

in chickens, which has resulted in

a seven-fold increase in As levels in
poultry waste.® It is now recognized
that at least 140 million people in 50
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countries have been drinking water
containing arsenic at levels above the
WHO provisional guideline value of
10 pg/L.* Arsenic occurs in two forms,
organic As and inorganic As. Inorganic
As compounds (such as those found in
water) are highly toxic, while organic
As compounds (such as those found

in seafood) are less harmful to human
health. Acute effects of As in water
could lead to immediate symptoms
such as vomiting, abdominal pain and
diarrhea, while long-term effects can
be observed in the skin and include
pigmentation changes, skin lesions

and hard patches on the palms and
soles of the feet (hyperkeratosis). The
International Agency for Research

on Cancer has classified As and As
compounds as carcinogenic to humans
and has stated that As in drinking water
is a carcinogen.®

Conclusions

The heavy metals contents of the
Olosuru stream in the present study
were above acceptable limits for
drinking water. The study also showed
evidence of water pollution across

all sampling stations, indicating that
the water is not safe for consumption
except when treated.

Acknowledgements

The authors acknowledge the
Hydrobiology and Limnology Unit,
Department of Zoology and Central
Science Laboratory, Obafemi Awolowo
University, Ile-Ife, Osun State, Nigeria
for the use of their laboratory and
facilities during the course of this study.
Apart from the use of the laboratory
facilities, this study was funded as part
of employment.

Copyright Policy

This is an Open Access article
distributed in accordance with
Creative Commons Attribution
License (http://creativecommons.org/
licenses/by/3.0/).

Journal of Health & Pollution Vol. 9, No. 22 — June 2019

References

1. Mandal P, Upadhyay R, Hasan A. Seasonal and
spatial variation of Yamuna River water quality in
Delhi, India. Environ Monit Assess. 2010;170(1-4):661-
70.

2. Idriss AA, Ahmad AK. Concentration of selected
heavy metals in water of the Juru River, Penang,
Malaysia. Afr J Biotechnol. 2012;11(33):8234-40.

3. Gueye EF. Information dissemination for family
poultry research and development. Livest Res Rural
Dev. 2003;15(2):234-56.

4. Okonkwo WI, Akubuo CO. Thermal analysis and
evaluation of heat requirement of a passive solar energy
poultry chick brooder. Niger ] Renew Energy. 2001;
9(1&2):83-7.

5. Poultry. In: Feed phosphorus shortage: levels and
sources of phosphorus recommended for livestock
and poultry. Washington, D.C.: National Academy of
Sciences; 1974. p. 21-2.

6. Han FX, Kingery WL, Selim HM, Gerald P.
Accumulation of heavy metals in a long-term poultry
waste-amended soil. Soil Sci. 2000;165(3):260-8.

7. North MO, Bell DD. Commercial chicken
production manual. 4th ed. New York: Van Nostrand
Reinhold; 1990. 913 p.

8. Ajayi OO, Kodaolu EO, Adeyemo AI, Ogunsuyi
HO. Effects of poultry droppings on the physico-
chemical properties of soil and water. Niger ] Soil Sci.
2003;13:50-4.

9. Burkholder J, Libra B, Weyer P, Heathcote S,
Kolpin D, Thorne PS, Wichman M. Impacts of waste
from concentrated animal feeding operations on water
quality. Environ Health Perspect. 2007;115(2):308-12.
10. Agriculture and the environment: information

on and characteristics of selected watershed projects.
Washington, D.C.: United States General Accounting
Office; 1995. 69 p. Report No.: GAO/RCED-95-218.
11. Bolan NS, Adriano DC, Mahimairaja S.
Distribution and bioavailability of trace elements in
livestock and poultry manure by-products. Crit Rev J
Environ Sci Technol. 2004;34(3):291-338.

12. Li Z, Shuman LM. Heavy metal movement

in metal-contaminated soil profiles. Soil Sci.
1996;161(10):656-66.

13. Jaja N, Mbila M, Codling EE, Reddy SS, Reddy
CK. Trace metal enrichment and distribution in a
poultry litter-amended soil under different tillage
practices. Open Agric J. 2013;7:88-96.

14. Han FX, Kingery WL, Selim HM, Gerard PD, Cox
MS, Oldham JL. Arsenic solubility and distribution in

poultry waste and long-term amended soil. Sci Total

Research

Environ. 2004;320(1):51-61.

15. Moore Jr PA. Best management practices for
poultry manure utilization that enhance agricultural
productivity and reduce pollution. In: Hatfield JL,
Stewart BA, editors. Animal waste utilization effective
use of manure as a soil resource. Chelsea, MI: Ann
Arbor Press; 1998. p. 89-123.

16. He ZL, Yang XE, Stoffella PJ. Trace elements in
agroecosystems and impacts on the environment. ]
Trace Element Med Biol. 2005;19(2-3):125-40.

17. Pierzynski GM, Sims JT, Vance JF. Soils and
environmental quality. 3rd ed. Boca Raton, Fl: CRC
Press; 2005. 570 p.

18. Gupta G, Kelly P. Poultry litter toxicity comparison
from various bioassays. ] Environ Sci Health.
1992;27(4):1083-93.

19. Prudencio MI, Gonzalez MI, Dias MI, Galan E,
Ruiz F. Geochemistry of sediments from El Melah
lagoon (NE Tunisia): a contribution for the evaluation
of anthropogenic inputs. ] Arid Environ. 2007;
69(2):285-98.

20. Zhan GH. Animal manure can raise soil pH.
Stillwater, OK: Oklahoma Cooperative Extension
Service; 1998. 2 p.

21. Ahmad AK, Mushrifah, I, Shuhaimi-Othman

M. Water quality and heavy metal concentrations in
sediment of Sungai Kelantan, Kelantan, Malaysia: a
baseline study. Sains Malays. 2009; 38(4):435-42.

22. Linnik. P, Zubenko IB. Role of bottom sediments
in the secondary pollution of aquatic environments by
heavy-metal compounds. Lakes Reserved. 2000;5(1):11-
21.

23. Toxicology profile for lead. Atlanta Georgia:
Agency for Toxic Substances and Disease Registry;
2007. 582 p.

24. Roberts JR. Metal toxicity in children. Training
manual on pediatric environmental health: putting it
into practice. Emeryville, CA: Children’s Environmental
Health Network; 1999.

25. Hassinger E, Watson J. Health effects of drinking
water contaminants. Tucson, AZ: University of
Arizona, Cooperative Extension; 1998. 6 p. (Arizona
Water Series; no. 5).

26. Zurera-Cosano G, Moreno-Rojas R, Salmeron-
Egea ], Pozo-Lora R. Heavy metal uptake from
greenhouse bordersoils for edible vegetables. ] Sci Food
Agric.1984;49(3):307-14.

27. Ellen G, van Loon JW, Tolsma K. Heavy metals in
vegetables grown in The Netherlands and in domestic
and imported fruits. Z Lebensm Unters Forsch.
1990;190(1):34-9.

28. Yargholi B, Azimi AA. Investigation of cadmium

Oyewale, Adesakin, Aduwo



Research

absorption and accumulation in different parts of
some vegetables. Am Eur Asian J Agric Environ Sci.
2008;3(3):357-64.

29. Tufft LS, Nockels CFE. The effects of stress,
Escherichia coli, dietary ethylene-diaminete-tetra
aceticacid, and their interaction on tissue trace-
elements in chicks. Poult Sci. 1991;70:2439-49.

30. Sims JT, Wolf DC. Poultry waste management:
agricultural and environmental issues. Adv
Agron.1994; 52:1-83.

31. Hill DD, Owens WE, Tchoounwou PB. Impact
of animal waste application on runoff water quality
in field experimental plots. Int ] Environ Res Public
Health. 2005;(2):314-21.

32. ZhangE LiY, Yang M, Li W. Content of heavy
metals in animal feeds and manures from farms of
different scales in northeast China. Int ] Environ Res
Public Health. 2012;9(8):2658-68.

33. Islam MS, Kazi MA, Hossain MM, Ahsan MA,
Hossain AM. Propagation of heavy metals in poultry
feed production in Bangladesh. Bangladesh J Sci Ind
Res. 2007;42(4):465-74.

34. Nigeria population census report. Abuja, Nigeria:
National Population Commission; 2006.

35. Jones HA, Hockey RD. The geology of part of
Southwestern Nigeria: explanation of 1:250,000 sheets
nos. 59 and 68. Abuja, Nigeria: Authority of the Federal
Government of Nigeria; 1964. 101 p.

36. Rahaman MA. Review of the basement geology of
southwestern Nigeria. In: Kogbe CA, editor. Geology of
Nigeria. Lagos, Nigeria: Elizabethan Publishers; 1976.
p. 41-58.

37. Smyth AJ, Montgomery RF. Soils and land-use in
Central Western Nigeria. Ibadan, Nigeria: Government
of Western Nigeria; 1962. 265 p.

38. Standard methods for the examination of water
and wastewater. 21st ed. Washington, D.C.: American
Public Health Association; 2005.

39. National recommended water quality criteria.
Washington, D.C.: US Environmental Protection
Agency; 2000.

40. Alexieva D, Chobanova S, Ilchev A. Study on the
level of heavy metal contamination in feed materials
and compound feed for pigs and poultry in Bulgaria.
Trakia J Sci. 2007;5(2):61-6.

41. Taiwo AM, Arowolo TA. Impacts of agricultural
poultry farming on water and sediment qualities.
Proceedings of the 2nd World Congress on Civil,
Structural, and Environmental Engineering; 2017 Apr
2-4; Barcelona, Spain. Ontario, Canada: International
ASET Inc.; 2017. 9 p.

42. Van Ryssen JB. Trace elements in poultry litter:

Oyewale, Adesakin, Aduwo

Environmental Impact of Heavy Metals from Poultry Waste in Southwestern Nigeria

prevalence and risks. In: Schlegel P, Durosoy S,
Jongbloed AW, editors. Trace elements in animal
production systems. The Netherlands: Wageningen
Academic Publishers; 2008. p. 101-13.

43. Donalson WE. Trace element toxicity. In:
Hodgson E, Guthrie FE, editors. Introduction to
biochemical toxicology. New York, NY: Elsevier; 1980.
p. 330-40.

44. Lewis RJ. Hazardous chemical desk reference. 2nd
ed. New York, NY: Van Nostrand Reinhold; 1991.

45. Guidelines for drinking-water quality. 3rd ed.
Geneva, Switzerland: World Health Organization; 2004.
540 p.

46. Ukpe AR, Chokor AA. Correlation between
concentrations of some heavy metals in poultry feed
and waste. Open Access ] Toxicol. 2018;3(2):4 p.

47. Broustas CG, Lieberman HB. DNA damage
response genes and the development of cancer
metastasis. Radiat Res. 2014 Feb;181(2):111-30.

48. Moore PA, Jr-Daniel TC, Sharpley AN, Wood CW.
Poultry manure management: environmentally sound
options. ] Soil Water Conserv. 1995;50(3):321-7.

49. Nahm KH. Efficient feed nutrient utilization to
reduce pollutants in poultry and swine manure. Crit
Rev Environ Sci Technol. 2002;32:1-16.

50. Powers W, Angel RA. Review of the capacity

for nutritional strategies to address environmental
challenges in poultry production. Poult Sci.
2008;87(10):1929-38.

51. Burel C, Valat C. The effect of the feed on the
host-microflora interactions in poultry: an overview.
In: Aland A, Madec F, editors. Sustainable animal
production: the challenges and potential developments
for professional farming. The Netherlands: Wageningen
Academic Publisher; 2009. p. 365-83.

52. Council Directive 98/83/EC of 3 November

1998 on the quality of water intended for human
consumption. European Union. (1998).

53. Gibney MJ, Lanham-New SA, Cassidy A, Vorster
HH, editors. Introduction to human nutrition. 2nd ed.
Chichester, UK: John Wiley & Sons, Ltd.; 2009. 386 p.
54. Guideline for drinking water quality
recommendation. Vol. 1. Geneva, Switzerland: World
Health Organization; 1994. 130 p.

55. Ghulman BA, EL-Bisy MS, Ali H. Groundwater
assessment of Makkah Almokarama. Proceedings of
the 12th International Water Technology Conference;
Umm Al-Qura University, Makkah; 2008. p. 1515-27.
56. Oyeku OT, Eludoyin AO. Heavy metal
contamination of groundwater resources in a
Nigerian urban settlement. Afr ] Environ Sci Technol.

2010;4(4):201-14.

57. Rajappa B, Manjappa S, Puttaiah ET. Monitoring
of heavy metal concentration in groundwater

of Hakinaka Taluk, India. Contemp J Eng Sci.
2010;3(4):183-90.

58. Bhaskar CV, Kumar K, Nagendrappa G.
Assessment of heavy metals in water samples of certain
locations situated around Tumkur, Karnataka, India.
E-J Chem. 2010;7(2):349-52.

59. National environmental (surface and groundwater
quality control) regulations. Lagos, Nigeria: The Federal
Government Printer; 2011 May 24. p. B693-727.

60. Morrison JL. Distribution of arsenic from poultry
litter in broiler chickens, soil, and crops. ] Agric Food
Chem. 1969;17(6):1288-90.

61. Ravenscroft P, Brammer H, Richards K. Arsenic
pollution: a global synthesis. Hoboken, NJ: Wiley-
Blackwell; 2009 Feb. 618 p.

62. TARC monographs on the evaluation of
carcinogenic risks to humans. Geneva, Switzerland:
World Health Organization; 2012. (IARC Monographs;
Vol. 100).

Journal of Health & Pollution Vol. 9, No. 22 — June 2019

10



